
AD-AIlR 716 RENSSELAER POLYTECHNIC INST TROY NY DEPT OF MATERIAL-ETC F/S 11/6
MECHANISMS OF FRETTING FATIGUE CRACK INITIATION IN MEDIUM STREN--ETC(U)
SEP 82 D .J DUQUETTE DAAG29-79-C 0013

7 bNCL ASSIFIED ARO-15979.4-MS NL

Ihhhhhi



UNCLASSIFIEDAA
S9UIYCLASSIFICATION Or THIlS PAGE 111al Dotsie A000 A 0 6i ?

REPORT DOCUMENTATION FACE
1. -REORT NUMER "V -1/90.ILR UT*CAAO MME

4. TITLE (an &Ite.J MEOT& EID OES

S MECHANISMS OF FRETTING FATIGUE CRACK 11IITIATION szcTDIRI 1 1 0*9
i MEDIUM STRENGTH STEELSCVMMGO.RPOTNM9

7. A&T"O"(4eCNRC 0GRN JAN

I:.D.J. Duquet te AC979C0

9. PERORMING ORGANIZATION NAME AND ADR29ES SO P4IrNAm ELEMNT., PRJCT. TAM

Rensselaer Polytechnic Institute
Materials Engineering Department

MCONTROCLING orWNcE AME AND ADONESI 11. REPORT OATS
U. S. Arny Research Office ______________

Post Office Box 12211 13. NUMUIEN OF PAGES

Research Triangle Park, NC 27709S
14MOWS 0 ING AGENCY NAME & AOORESS(If Offtenl kros Contoling 015.) IS. SECURITY CLASS. (of this eort)

Unclassified
I.~ O6CL £611 #ICATIONI DOWN GRADING

SCNE KLE

IS. DISTRMUTION STATEMENT (of he At Ap..t)

Approved for public release; distribution unlimited. iDTIC
ELECTE

17. OISTRIOUTION STATEMENT (of 11 &Ioct omtoedi ha lCk 20. 51 dfiONmt ka Report)

NA H
IS. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are those of the
author~s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation.

19. KEy WOODS (Confmnwo an favrs* .540 It ..... rn @M 4061 19I 6)' 080te mOW

LJ FRETTING
FRETTING FATIGUE

IL VtRIACT ecbm a refre afh ff Rovso -d fiftwp ft Mock 011

E Effects of carburization and decarburization were studied on the frettin
fatigue behavior of a medium carbon steel at room temperature. Teats were
conducted in room air in a listing frame which was designed to vary the frett-
ing (normal) load, and the relative displacement (slip amplitude) between the
list specimens and fretting pads. Statistical studies conducted on the

fatigue lives dropad, by an order of magnitude. No significant effets of

Alto 14ftila r t-n &s 2'-'4-..Uf



MECHANISMS OF FRETTING FATIGUE CRACK INITIATION IN
MED IUM STRENGTH STEELS

FINAL REPORT

SEPTEMBER 1, 1982

U. S. ARMY RESEARCH OFFICE

RENSSILAER, POLTECHNIC INSTITUTE

APPROVD ?OR PUBLIC RELEASE;
DISTRIBUTION 011LDEITED.



FINAL REPORT

Effects of surface thermochemical treatments, namely carburization

and decarburization, on the fretting fatigue behavior of a medium carbon

low alloy steel were studied at room temperature. The study involved

selection of the material which could be easily surface treated to induce

different surface mechanical properties, the design and fabrication of a

testing frame which could reproduce fretting fatigue conditions in the

laboratory, and the analysis of the results obtained. The design of the

frame was based on the requirement that it must be capable of varying

the two fretting parameters, namely, slip amplitude and normal load, in-

dependent of each other.

Experiments were conducted on a servohydraulic fatigue machine with

a set of quench-and-tempered specimens as control specimens, along with

the carburized and decarburized specimens. Plain fatigue tests were con-

ducted on all three types of specimens to determine their respective

fatigue limits. In order to ensure that fretting indeed affected the

fatigue limits, a stress level of 400 MPa was chosen as the cms axi-

mum stress level for all ensuing fatigue tests. This stress level was

lower than the lowest observed plain fatigue limits among the three types

of specimens. The testing frequency was beld constant at 20 "M and all

tests were conducted at room temperature in laboratory air. I spacimsa

dimensions were chosen so that the elastic dofmatten of the speasmens

during the fatigue cycling would provide slip amplttisie reangag I rm

20 micrometres to 135 sicrometres. A set of two rigdly plied pade, ada

of hardened tool steel, was used as the frettia seures. T load teb

which the pads pressed against the specimens, called the usmel loed

was varied fron 200 3 to 3500 X. The pad srfaes In emeast wish dm

specmen were ground Into a spherical cap to adobsatmee melyt s@600M.
t ---- mar-- taro.~~ -- c .--.-----. 88qf t



Both the specimens and the pads were ground to a finish of 600 grit

SiC paper and cleaned with acetone prior to testing. Statistical

analysis was used to determine the fretting fatigue lives of the speci-

mens and four specimens were tested at each set of conditions. The

mean of all the values of the fatigue lives was then taken as a estimate

of the fatigue life of the specimens under those sets of conditions.

Test results exhibited a threshold value of the normal load in all

cases, where the fretting fatigue lives of the specimens plunged by an

order of magnitude. Lives remained constant at a runout value of 2

million cycles at very low normal loads and dropped to about 200,000

cycles with a very small increase in the normal load. This threshold

value of the normal load, was the lowest for decarburized specimens,

at about 500 N and the highest for carburized specimens, at 1000 N.

The quench and tempered specimens exhibited a value in between the two,

at 800 N.

The effect of slip amplitude was studied on the specimens by con-

ducting fretting fatigue life tests at two levels of normal loads for

each heat treatment. In all the cases, there was no significant effect

observed at both levels of normal load on the fretting fatigue lives of

the specimens.

Scanning electron microscopic studies shoved less surface damage in

the carburised specimens than in the decarburized specimens. Optical

microscopy of the cross sections showed a higher number of cracks in the

decarburised specimens at a lower stress level and orae cracks as candi-

date* for fatal cracks. Theoretical st qs analysis confirmed the ob-

seryations of cracks and the threshold phenomemo in the fretting fatIgue

life.
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After aking the above observations, it was concluded that:

1. Regardless of the slip amplitude, a minimum level of normal

stress is necessary for the fretting process to have any effect on the

fatigue life.

2. This minimum can be increased with a modification of the sur-

face microstructure that would increase the strength of the surface

material. The reverse is true if the modification decreases the sur-

face strength.

3. The slip amplitude does not have an effect on the fretting

fatigue life within the testing range.

4. Wear process, which was considered an important part of

fretting fatigue, was found to play a secondary role in the experi-

ments that were conducted. Wear was found to be severe when the slip

amplitude was high, atd almost nonexistant when the slip amplitude

was low, but had little effect on the fretting fatigue lives of the

specimens tested.
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